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II. FORMULATION OF A PROBLEM























































 (c%;J) is the conserved current,  is the magnetic permeability
of the medium,  is the dielectric constant od the medium and n =
p
 is the index of
refraction of the medium. Function D
+






















































Now, if we insert eq. (2) into eq. (6), we get after extracting P (!; t) the following
general expression for this spectral function:








































Let us recall that the last formula can be derived also in the classical electrodynamical
context as it is shown for instance in the Schwinger article [8]. The derivation of the
power spectral formula from the vacuum amplitude is more simple.
2
III. THE POWER SPECTRAL FORMULA OF MOTION OF OPPOSITE CHARGES
Now, we will apply the formula (7) to the two-body system with the opposite charges
moving at the oposite angular velocities in order to get in general synergic synchrotron-

Cerenkov radiation of electron and positron moving in a uniform magnetic eld.
While the synchrotron radiation is generated in a vacuum, the synergic synchrotron-

Cerenkov radiation can produced only in a mediumwith dielectric constant n. We suppose
the circular motion with velocity v in the plane perpendicular to the direction of the
constant magnetic eld H (chosen to be in the +z direction).
The condition for the existence of the

Cerenkov electromagnetic radiation is that the
velocity of a charged particle in a medium is faster than the speed of light in this medium.
This radiation was rst observed experimentally by

Cerenkov [9] and theoretically inter-
preted by Tamm and Frank [10] in the framework of classical electrodynamics. A source
theoretical description of this eect was given by Schwinger, Tsai and Erber [1] at the
zero-temperature regime and the classical spectral formula was generalized to the nite
temperature situation in electrodynamics and gravity in the framework of the source the-
ory by Pardy [11, 12]. Here we derive the general formula of the radiation generated by
the motion of two-body system in a uniform magnetic eld. Later we consider only the
process in vacuum.
We can write the following formulas for the charge density % and for the current density
J of the two-body system with opposite charges and opposite angular velocities:
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; t) = x( t): (11)





where (H = jHj; E = energy of a particle)
v(t) = dx=dt; !
0
= v=R; R =
E
eH
;  = v=c; v = jvj: (12)
After insertion of eqs. (8){(9) into eq. (7), and after some mathematical operations we
get




































































































































and relation (15) we get with v = !
0
R






































































for every integral in eq. (18), we get P (!; t) in the following form
































































The last formula can be written in the more compact form,

























































































































































































































T = '+ 2l; ' 2 ( ; ); l = 0; 1; 2; :::; (28)




























































































































So, the power spectral formula (21) is of the form:
















































































































Using the denition of the Bessel functions J
2l































































= 2(1  cos 2!t) = 4 sin
2
!t; (44)











we get the following nal form of the partial power spectrum generated by motion of
two-charge system moving in the cyclotron:
6
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So we see that the spectrum generated by the system of electron and positron is formed
in such a way that the original synchrotron spectrum generated by electron is modulated
by function 4 sin
2
(!t). This formula is analogical to the formula derived in [3] for the
linear motion of the two-charge system emitting the

Cerenkov radiation. The derived
formula involves also the synergic process composed from the synchrotron radiation and
the

Cerenkov radiation for electron velocity v > c=n in a medium.
Our goal is to apply the last formula in situation where there is a vacuum. In this case
we can put  = 1; n = 1 in the last formula and so we have
P
l


























So, we see, that nal formula describing the opposite motion of eletron and positron in
accelerator is of the form
P
l







is the spectrum of radiation only of electron. The result is suprising because
we naively expected that the total radiation of the opposite charges should be
P
l
(!; t) = P
l(electron)
(!; t) + P
l(positron)
(!; t) : (49)
So, we see that the resulting radiation can not be considerred as generated by the
isolated particles but by a synergical production of a system of particles and magnetic
eld. At the same time we cannot interprete the result as a result of interference of two
sources because the distance between sources radically changes and so, the condition of
an interference is not fullled.


















































substituting eqs. (50) and (51) into eq. (47), respecting the high-energy situation for
the high-energy particles where (1   
2
































;   1; (55)
we get power spectrum formula of electron-positron pair as follows:
P
l

























For l  1 the emitted spectrum is in some sense continual and it can be expressed by
the following formula













Also this formula involves the fact that the total spectrum of radiation cannot be written
as a sum of spectra of isolated sources but it is the result of synergical process of a
system which consists of magnetic eld and two particles moving in it. The classical
electrodynamics is not broken by this formula but our naive image on the processes in the
magnetic eld is broken. From the last formula also follows that at time t = k=! there
is no radiation of the frequency !. At every frequency ! the spectrum oscillates with
frequency !. If the radiation were generated not synergically, then the spectral formula
would be composed from two parts corresponding to two isolated sources.
IV. DISCUSSION
We have derived in this article the power spectrum formula of the synchrotron radia-
tion generated by the electron and positron moving at the opposite angular velocities in
homogenous magnetic eld. We have used the Schwinger version of quantum eld theory,
for its simplicity. It is suprising that the spectrum depends periodically on radiation fre-
quency ! which means that the system composed from electron, positron and magnetic
eld behaves as a pulsar. While such pulsar can be represented by a terrestrial exper-
imental arrangement it is possioble to consider also the cosmological existence in some
modied form.
To our knowledge, our result is not involved in the classical monographies on the elec-
tromagnetic theory and at the same time it was not still studied by the accelerator experts
investigating the synchrotron radiation of bunches. This eect was not described in text-
books on classical electromagnetic eld and on the synchrotron radiation. We hope that
sooner or later this eect will be veried by the accelerator physicists.
The radiative corrections obviously inuence the synergic spectrum of photons [2,7].
However, the goal of this article is restricted only to the simple processes.
8
The particle laboratory LEP in CERN uses instead of single electron and positron the
bunches with 10
10
electrons or positrons in one bunch of volume 300m  40m  0.01
m. So, in some approximation we can replace the charge of electron and positron by
the charges Q and -Q of both bunches in order to get the realistic intensity of photons.
Nevertheless the synergic character of the radiation of two bunches moving at the opposite
direction in a magnetic eld is conserved. The more exact description can be obtained in
case we consider the internal structure of both bunches. But this is not the goal of our
article.
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